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Purpose: We have purified and partially sequenced a protein from the adventitia of the 
human aorta (aortic aneurysm antigenic protein 40 kDa; AAAI'-40) that has homologies 
to bovine aortic microfibril-associated glycoprotein (MAGP-36). It  is immunoreactive 
with immunoglobulin G (IgGs) purified from the serum and aortic wall of patients with 
abdominal aortic aneurysms. AAAP-40 and MAGP-36 have fibrinogen-like and vitronec- 
tin-like motifs. Screening an expression library constructed from human aortic adventi- 
tial messenger RNA has resulted in the cloning of three complementary DNAs whose 
gene products are immunoreactive with immunoglobulin G from patients with abdomi- 
nal aortic aneurysms. Two strongly resemble ach other and have been described sepa- 
rately. The purpose of this article is to report the third done. 
Methods: Messenger RNA from a specimen of human aortic aneurysmal adventitia was
reverse-transcribed for insertion into the phagemid Uni Zap XR (Stratagene). A strain of 
Escherichia coli, engineered for expression (XL 1-Blue MFR', Stratagene), was transfected, 
and rabbit antihuman vitronectin antibody was used to identify positive clones. Sequencing 
of the positive clones was performed by the Core Laboratories at Columbia University. 
Results: The hypothetical protein of rAAAP-CL4 (done 4) shares equence motifs with 
known microfibril-associated glycoproteins (MAGPs). The recombinant protein 
(rAAAPTCIA) is immunoreactive with serum from patients (three of four abdominal 
aortic aneurysm sera). In addition, similarities have been detected with immunoglobulins of
the K family and with a protein from cytomegalovirus that is a potential molecular mimic. 
Conclusions: There may several members of a novel family of human aortic autoantigenic 
proteins implicated in abdominal aortic aneurysm disease. (J Vase Surg 1997;26:313-8.) 
Immunoglobulin G (IgGs) purified from the aor- 
tic wall of  patients with abdominal aortic aneurysms 
(AAAs) are immunoreactive with a human aortic 
protein that we have purified and sequenced in 
part? -3 It has homologies with the bovine microfi- 
bill-associated glycoprotein 36 kDa (MAGP-36), 
which was discovered by Kobayashi et al. 4 and was 
found to have a tissue distribution uniquely limited 
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to the aorta, s We have named the human protein 
aortic aneurysm antigenic protein 40 kDa (AAAP- 
40). A sequence in AAAP-40 matches an 11-residue 
sequence in human vitronectin, 4 and a similar motif  
occurs in MAGP-36 (Fig. 1). We are reporting else- 
where that AAAP-40 is immunoreactive with rabbit 
antihuman vitronectin antibody. 6 Because vitronec- 
tin is synthesized in the liver (not the aortic adventi- 
tia), we have screened an expression library from 
adventitia for recombinant proteins that are immu- 
noreactive with rabbit antihuman vitronectin. We 
have reported the amino acid sequences of two posi- 
tive clones that strongly resemble each other, r The 
purpose of this article is to report the hypothetical 
amino acid sequence of  a third clone (originally the 
fourth clone in the series, hence rAAAP-CL4), be- 
cause the gene product is also immunoreactive with 
IgG from patients with AAA. 
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Fig. 1. Alignment of homologous sequences from aortic 
aneurysm antigenic protein 40 kDa (AAAP-40; GenBank 
accession number: splP80520), microfibril-associated gly- 
coprotein 36 (MAGP-36; GenBank accession number: 
gil543129), microfibril-associated protein 4 (MFAP-4; 
GenBank accession number: gplL38486), 23 and vitronec- 
tin (VN; GenBank accession number: gi11255044). $, K or 
R; period (.), nonconserved r sidue. 
METHODS 
Human subjects. Specimens of AAA tissue and 
peripheral blood were taken from patients at the time 
of infrarenal AAA repair. Normal abdominal aorta 
was harvested from organ donors. The protocols for 
human investigation have been approved by the In- 
stitutional Review Board. Surgical specimens were 
frozen immediately and then stored at -110 ° C until 
use in biochemical studies. Serum was obtained from 
blood samples and stored at -20 ° C for further stud- 
ies. 
Purification of IgG. Human IgG was purified 
separately from aortic tissue and from serum as de- 
scribed previously.1 
Construction of complementary DNA 
(cDNA) libraries. Messenger RNA (mRNA) from 
aortic adventitia of an AAA specimen was reverse- 
transcribed for insertion i to the phagemid Uni Zap 
XR lambda vector system (Stratagene, La Jolla, Cal- 
if.). This system accommodates DNA inserts up to 
10 kb in length. 
Expression of eDNA. The phagemid from Uni- 
Zap XR was transfected into a strain of Escherichia 
coli, (XL1-Blue MRF', Stratagene). The transfected 
cells were plated on top agar and then allowed to 
grow at 45 ° C until small plaques were visible (ap- 
proximately 4 hours). Nitrocellulose membranes, 
impregnated with 10 mmol/L isopropyl [3-d-thioga- 
lactopyranoside, were placed on the agar and were 
incubated for 4 hours at 37 ° C. The membranes 
were removed and blocked with 5% milk in Tris- 
buffered saline solution for 45 minutes. The incuba- 
tion was continued with rabbit antihuman vitronec- 
tin antibody (Becton Dickinson, Bedford, Mass.) (1: 
10,000) for 3 hours at room temperature. After the 
membranes were washed in Tris-buffered saline solu- 
tion, they were incubated with alkaline phosphatase- 
conjugated goat antirabbit IgG (Sigma, St. Louis, 
Mo.) (1:5000) for 2 hours at room temperature. 
After a series of washes in Tris-buffered saline solu- 
tion, the membranes were developed by Vectastain 
NBT/BICP color reagent system (Vector, Burlin- 
game, Calif.). The estimated frequency of the posi- 
tive clones was 1:10,000 on primary screening and 
1:1000 on secondary screening. The positive plaques 
were rescreened toobtain pure clones. 
Purification and sequencing of DNA. Exci- 
sion from positive clones was performed with use of 
the Ex Assist/SOLR System (Stratagene). The 
phages were collected from the agar plate with chlo- 
roform extraction and then transfected to SOLR cells 
with amplified Ex Assist Helper Phage (Stratagene), 
which prevents replication of the experimental 
phage. The transformed cells were allowed to grow 
overnight at 37 ° C on ampicilfin-supplemented m - 
dium, which inhibits the growth of nontransfected 
cells. The cells were harvested and lysed by alkali 
buffer. DNA was purified by the phenol-chloroform 
extraction method and quantified by spectropho- 
tometry. Agarose gel electrophoresis confirmed the 
presence of plasmid, DNA. DNA sequencing was 
performed by the DNA Sequencing Laboratory at 
Columbia University (New York, N.Y.). 
Expression of the recombinant DNA. The 
screened and purified plasmid was mixed with XL1- 
Blue MRF' cells pretreated with calcium chloride. 
The mixture was heat-shocked to allow transforma- 
tion. The transformed cells were grown in nonselec- 
tive media and plated on ampicillin-containing agar 
to identify the plasmid-containing colonies. A single 
colony was grown in liquid media for 6 hours and 
continued to incubate for 4 to 6 hours with 10 
mmol/L isopropyl [3-d-thiogalactopyranoside, up- 
plementation. The cells were lysed with lysozyme 
(Sigma), and cell debris was removed by centrifuga- 
tion. Protein concentration of the supernatant was 
determined by dye-binding assays. A nontransfected 
colony underwent similar processing to identify cel- 
lular proteins. Western immunoblots were probed 
with IgG purified from the serum of patients with 
AAA or from healthy volunteers. 
Alignments. The work was done though the 
Internet with an IBM-compatible computer, 
Netscape Navigator 1.4, and a modem. Protein se- 
quences were downloaded from Retrieve at the Na- 
tional Institute of Health 8and pasted into the Pair- 
wise Alignment Program at the Biologist's Control 
Panel in the Human Genome Project of the Baylor 
College of Medicine. 9 The alignments were dis- 
played with LalnView, which is also available atthe 
Baylor College of Medicine Web site. 9 The screen 
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Fig. 2. Transformed cells (rAAA) and control cells (XL) were incubated with isopropyl 
J3-d-thiogalactopyranoside, to induce protein expression. After the cells were lysed, the soluble 
proteins were separated by sodium dodecylsulfate-polyacrylamide gel electrophoresis (12.5%) 
and probed with purified irnmunoglobulin G (IgG) from either patients with abdominal ortic 
aneurysms (AAA) orfrom volunteers. AAA IgG was uniquely irnmunoreactive with a protein at 
28 kDa that was not present in a preparation fthe normal bacterial cells. 
was saved for each alignment and was then pasted 
into PaintBrush for cropping and printing. Multiple 
pairwise alignments were performed with MOTIF, 
which is also available at the Biologist's Control 
Panel. 9
RESULTS 
A recombinant protein was expressed by the 
XL1-Blue MRF' cells transfected with the cDNA of 
clone 4. Western immunoblots showed that rAAA- 
CL4 was immunoreactive with IgGs from patients 
with AAA at a molecular weight of 28 kDa (Fig. 2; 
three of four sera). It did not react with IgGs from 
normal volunteers (zero of three sera). 
The amino acid sequence of the hypothetical pro- 
tein encoded by clone 4 (rAAAP-CL4) is shown in 
Fig. 3, in alignment with several related proteins. 
rAAAP-CL4 does not encode AAAP-40. Because the 
known MAGPs (MAGP-36 and MFAP-4) strongly 
resemble ach other, and they also resemble fibrino- 
gen-J3, 4 a pairwise alignment of rAA~-CL4  was 
carried out against these three proteins to evaluate 
their degree of relationship (Fig. 3). 
The hypothetical proteins encoded by clones 1 
(rAAAP-CL1) and 5 (rAAAP-CL5) have been re- 
cently reported, and these clones have lengthy se- 
quences with high degrees of homology with immu- 
noglobulins of the K family (Ig-K). 7 They may be 
matrix cellular adhesion molecules. Accordingly, 
alignments were done with rAAAP-CL4 against wo 
Ig-K sequences that are related to clones 1 and 5 
(Fig. 4). Because the cytomegalovirus has been re- 
cently implicated as a potential molecular mimic in 
AAA disease, 1° an additional alignment of rAAAP- 
CL4 was done against a cytomegalovirus protein 
(and against an influenza protein as a control). 
DISCUSSION 
An infiltrate of chronic inflammatory cells has 
been described in the AAA wall. 11-14 Tumor necrosis 
factor-a, interleukin- 113, interleukin-6, and interleu- 
kin-8 have also been known to be elevated in AAA 
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Fig. 3. Deduced amino acid sequence of rAAAP-CIA with single amino acid letter code. X, 
ambiguous residue; spaces, discontinuities in sequence; dashed line. with arrows, ambiguous 
region between forward and reverse reading frames of the nucleic acid sequence. Motifs from 
other proteins described in text are shown in alignment with rAAAP-CL4. VN, vitronectin 
(GenBank accession number: gi11255044); cytomeg, cytomegalovirus (GenBank accession 
number: splP16748); FIB, fibrillin-5 (GenBank accession umber: gil437972). 
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Fig. 4. Pairwise alignment of rAAAP-CIA (clone 4) with two immunoglobulin-K (IgK) 
sequences that we have reported to resemble clones 1 and 5.7 Similarity threshold was set to 21 
for both comparisons. 
tissue compared with control aortic tissue. I5"17 In- 
creases in matrix-degrading enzymes associated with 
infiltration of mononuclear cells have been found in 
the AAA wall. ls-2° These observations suggest hat 
autoimmunity may play a role in the pathogenesis of 
AAA. 
Our previous work has led to the hypothesis that 
the self-antigens in AAA disease belong to a family of 
proteins with similarities to MAGP-36. s,7 We have 
also suggested that some bacterial and viral patho- 
gens ( Treponema pallidum, herpes viruses, and cyto- 
megalovirus) may be molecular mimics (like certain 
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Fig. 5. Pairwise alignment of the amino acid sequence ofrAAAP-CL4 (clone 4) with human 
flbrinogen-13 (FBN-beta), microflbril-associated protein 4 (MFAP-4; GenBank accession um- 
ber: gplL38486), and microfibril-associated glycoprotein 36 (MAGP-36). 4
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Fig. 6. Pairwise alignment of rAAAP-CIA (clone 4) with a protein from cytomegalovirus 
(GenBank accession umber: splP16748) and a protein from influenza (GenBank accession 
number: splP16982). 
mycobacteria n rheumatoid arthritis). 1° Molecular 
mimics are pathogens with epitopes capable of  ini- 
tiating autoimmunity against self-proteins. Be- 
cause herpes and cytomegalovirus are so ubiqui- 
tous, it remains to be explained why AAA 
eventually develops in a relatively small number of  
exposed persons. Our working hypothesis is that 
the genetic susceptibility resides in the MHC class 
II DR-B family of  alleles. 21 
This report gives the deduced amino acid se- 
quence of the fourth potential autoantigen. The ex- 
perimental molecular weight of rAAAP-CIA (28 
kDa) is not inconsistent with the deduced sequence 
of 193 residues because our information is incom- 
plete in the region of  the cDNA between the forward 
and reverse transcripts of  the clone. The similarity of 
sequences from rAAAP-CL4 and the known microfi- 
brillar proteins uggest hat it is another member of  
the MAGP family (Fig. 5), but the relationship isnot 
as close as that of AAAP-40 to other MAGPs. The 
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similarity ofrAAAP-CL4 to the Ig-K sequences (Fig. 
4) is compatible with the notion that it belongs to a 
superfamily that includes clones 1 and 5, which use 
immunoglobulin motifs in the extracellular matrix 
for interaction with members of the integrin fami- 
ly.22 
The resemblance of rAAAP-CL4 to a protein 
from cytomegalovirus is greater than that of rAAAP- 
CL4 to a protein from influenza (Fig. 6). This find- 
ing is consistent with the hypothesis that cytomega- 
lovirus may be a molecular mimic. The hypothesis of 
molecular mimicry posits an immune response 
against certain bacteria nd viruses to be a primary 
causal process in the etiology of AAA disease. How- 
ever, an alternative scenario is that autoimmunity is 
an epiphenomenon that is a consequence of an in- 
flammatory eaction that was initiated by some other 
process. Further studies will be required to resolve 
the question of the correct sequence of events in the 
chain of causal influences. 
Finally, the clones are from an expression fibrary 
derived from the aortic adventitial mRNA from one 
patient. We suspect that additional members of the 
family will be discovered with the characterization of 
additional clones and with the construction f addi- 
tional ibraries from more clinical specimens. 
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